Objectives: A minority of children undergoing cochlear implantation (CI) are admitted overnight postoperatively, but there are little data on prognostic indicators. Our goal is to review national data to identify variables associated with admission and identify effects on outcomes. Methods: We analyzed data from the 2012-2015 American College of Surgeons' National Surgical Quality Improvement Program-Pediatric (ACS NSQIP-P) program use files. The CI patients were identified by CPT code. Demographics, comorbidities, anesthesia time, total operation time, 30-day complications, and 30-day readmission were compared between ambulatory and admitted patients. Results: A total of 2943 CI patients were included, with 17.2% of these admitted post implantation. Single variable analysis revealed multiple factors associated with admission post implantation. Multivariable analysis showed patients with asthma were 2.2 times (P < .001; odds ratio [OR] = 1.484-3.227) and those with structural central nervous system (CNS) abnormalities 2.1 times (P < .001; OR = 1.584-2.706) more likely to be admitted. Younger age (P = .002; OR = 0.995-0.999) and longer operation time (P < .001; OR = 1.003-1.006) were weak predictors. Two hundred sixteen patients lacked any factors but were still admitted. They had similar outcomes to ambulatory healthy patients.
Introduction
Cochlear implantation (CI) is the standard of care for bilateral severe to profound sensorineural hearing loss in children. While few studies have been performed, most evidence shows outpatient pediatric CI to be a safe practice. 1 Other studies have shown that out of all pediatric otologic surgeries, those undergoing tympanomastoidectomy or CI are more likely to be readmitted. 2 O'Connell et al 3 demonstrated that CI is safe for younger patients younger than 12 months. Li et al 4 found that out of 260 cases, early postoperative complications were observed in 17 cases (6.54%), with only 1 of those classified as a major complication. Sivam et al 5 found that the most common complication is postoperative nausea/vomiting, which can be sufficiently managed in an outpatient setting.
Despite evidence supporting outpatient management after CI in children, not all children are managed as outpatients after CI. Most studies examining pediatric otologic surgeries focus on postoperative complication rates and overall outcomes. However, there is a lack of information regarding predictive indicators for clinical outcomes. The purpose of this study is to identify variables that may be correlated with admission of pediatric CI patients and determine if those factors have any effect on postoperative complications or readmission rates.
To accomplish this objective, we analyzed the pediatric American College of Surgeons' National Surgical Quality Improvement Program-Pediatric (ACS NSQIP-P). Data for ACS NSQIP-P are collected only from enrolled medical institutions. As of 2015, there were 80 hospitals collecting reliable clinical data through a dedicated surgical clinical reviewer for the NSQIP-P database. The NSQIP-P database has been used widely to report pediatric surgical outcomes as well as many other surgical subspecialties, including orthopedic surgery and pediatric general surgery. 2, 3, [6] [7] [8] [9] 
Materials and Methods

Data Source
Patient information was taken from the public use file for years 2012-2015 of the NSQIP-P. The NSQIP-P provides deidentified information from multiple institutions on surgical outcomes. The NSQIP-P is not responsible for the statistical validity of the data analysis or the conclusions derived by the authors.
Data Collection and Outcome Measures
Patients undergoing cochlear implants were identified using Current Procedural Terminology (CPT) code 69930. Demographic information for the population of CI patients included age at CI, gender, race, inpatient/outpatient, and comorbidities as described in Table 1 . The NSQIP-P documents 30-day postoperative complications categorized as superficial incisional surgical site infection (SSI), deep incisional SSI, organ/space SSI, and superficial wound dehiscence and 30-day readmission categorized as reoperations, readmissions, and unplanned readmissions. Since these events were rare in the CI population, they were grouped into 2 variables (wound complications and readmission) as a measure of the primary postoperative outcome. The perioperative variables of total anesthesia time and total operation time were also assessed.
Statistical Analysis
All analyses were performed with SPSS 24.0 (IBM Corporation, Armonk, New York, USA). Categorical variables are presented as frequency and percentage, and continuous variables are presented as mean ± standard deviation, range, or median with interquartile range (IQR) in text and tables. All continuous variables were assessed Certain rows/columns may not sum to the total in cases in which one of the categorical variables had a cell size <10 to protect patient identity as per NSQIP policy.
for normality using the Kolmogorov-Smirnov test. If these variables were not normally distributed, descriptive measurements such as median and IQR were calculated.
Comparisons of patient characteristics were performed using a chi-square test or Fisher's exact test for categorical variables and an independent t test or a Mann-Whitney rank sum test for continuous variables. A correlation model was used to determine the relationships among all outcome variables. All independent variables that showed a significant correlation with dependent variables were placed in a multivariable logistic stepwise regression. A stepwise regression model has more power to improve the prediction performance owing to having a smaller number of independent predictor variables in the model. The adjusted odds ratio (OR) or β and its confidence interval were obtained from the final model as a measure of the association between the independent predictors and the dependent responses. A P value of <.05 was considered to indicate a statistically significant difference for all statistical tests.
Results
The NSQIP-P database from 2012 to 2015 contained 2943 pediatric CI cases. Out of all CI cases, 507 (17.2%) patients were admitted post implantation, while 2436 (82.8%) were not. After a preliminary frequency analysis of the data, the top 6 comorbidities prevalent were: developmental delay/ impaired cognitive status (64.2%), structural CNS abnormality (11.8%), cardiac risk factors (7.3%), esophageal/ gastric/intestinal disease (5.7%), asthma (5.1%), and seizure disorder (3.4%). Demographic characteristics of the outpatient and inpatient groups are compared in Table 1 . It was found that certain variables were significantly different between the inpatient and outpatient cohort and were associated with admission. These factors are: younger age at time of surgery, premature birth (<32 weeks), asthma, esophageal/gastric/intestinal disease, cardiac risk factors, seizure disorder, structural CNS abnormality, total anesthesia time, and total operation time. Chi-square analysis showed that the inpatient group had higher rates of 30-day readmission (P = .004) but not wound complications (P = .922) than the outpatient group A multivariable logistic regression analysis was performed to determine which of these factors was independently significant. The following factors were found to be significant predictors of admission: age at time of surgery, total operation time, history of asthma, and structural CNS abnormality (Table 2) .
To understand admission patterns in otherwise normal, healthy children, additional analysis was performed. After determining variables associated with inpatient status, CI patients without any of these admission factors were selected. A normal/healthy group was created from the patients that did not have any of the top 6 comorbidities (excluding developmental delay/impaired cognitive status), premature birth, age less than 12 months at time of surgery, ASA classification of 3 or 4, or a total operation time greater than 1 standard deviation greater than the median (277 minutes). A total of 1767 patients formed the normal/healthy group. Within this group, 12.2% were admitted. Chi-square analysis was done to compare outcomes between patients with and without admission factors as shown in Table 3 . When comparing the inpatient and outpatient cases in the healthy gropu, there was no difference in readmission rates or wound complications.
Discussion
This study determined variables associated with postoperative admission after CI. Outcomes were measured in terms of any wound complications and any readmissions within 30 days of implantation. Data were largely missing on suspected reason for readmission, so future studies could benefit from improvements within the NSQIP-P. After determining variables associated with inpatient status, multivariable logistic regression analysis was done to determine predictors of admission post implantation. Asthma (OR = 2.188; P < .001; 95% CI, 1.484-3.227) and structural CNS abnormality (defined by NSQIP-P as "noted in the medical record by visual or radiologic exam") (OR = 2.071; P < .001; 95% CI, 1.584-2.706) were major predictors. Patients with a history of asthma or structural CNS abnormality were about twice as likely to be admitted postoperatively. Total operation time (OR = 1.006) was also significant, and increasing age at time of surgery (OR = 0.997) was a significant predictor of management in an outpatient setting, which was interpreted as younger age at surgery being a predictor of admission. These factors were minor predictors due to their ORs approaching 1.0, indicating these patients were only slightly more likely to be admitted. Cochlear implantation in younger children could have a potentially increased risk. Theoretically, their thin skulls and skin may contribute to problems in wound healing or increase the chance of injury during drilling. They also have an increased incidence of otitis media. Furthermore, the stylomastoid foramen is located more laterally, which can increase the risk of facial nerve injury. 1, 3, 4 Past studies have divided complications after CI into minor and major categories based on the requirement of reintervention for treatment. Major complications include flap necrosis, improper electrode placement, and facial nerve injury. Minor complications include wound dehiscence, infection, and postoperative nausea/vomiting (PONV). 10 Most studies on the outcomes of pediatric CI indicate that the most common early postoperative complications are minor and include PONV and dizziness/imbalance. 5 These can be adequately managed in an outpatient setting. Jain et al 7 analyzed the NSQIP database and found that superficial SSI and work relative value units (seen with bilateral CI among other scenarios) were significant predictors of unplanned readmission. Based on this, and compared to unilateral implantation, bilateral implantation may be a predictor of developing postoperative complications. 5 In our study, bilateral implantation may be responsible for longer operation times and thus the likely association of that factor with admission.
Teschner et al 11 described the disparities between cochlear implantation between the United States and Germany health care systems. There are small differences in minor complications and no differences in major complications, but the overall cost for the procedure is greater in the United States, and reimbursement rates may actually be lower compared to Germany. 11 Historically, the standard of care was to admit pediatric patients for CI, but there has been a rising trend in outpatient management after CI in the United States, with the data from this study demonstrating that >80% of children undergoing CI are managed as outpatients. While not practiced widely, we were very surprised to find 507 (17.2%) cases of admission after pediatric CI. For many cases, there are clear reasons for the admission such as demographic factors and comorbidities. We have demonstrated that history of asthma and structural CNS abnormality are strong predictors of admission.
However, for about 40% of the inpatient cohort, there was no discernable reason for admission. We identified a group of CI patients with the following exclusion criteria: presence of any of the top 6 comorbidities except for development delay/impaired cognitive, premature birth, age less than 12 months at time of surgery, ASA classification of 3 or 4, and a total operation time greater than 1 standard deviation greater than the median (277 minutes). A total of 1767 patients formed this normal/healthy group. Within this group, 12.2% were admitted, which comprises about 42% of our entire inpatient cohort. These 215 patients did not have of any of those factors associated with poorer outcomes, yet they were admitted regardless. These admissions may represent an opportunity for reduction of cost and resource utilization in the national cohort.
Postoperative outcomes were compared between the inpatient and outpatient cohorts and between healthy and nonhealthy CI patients. In all comparisons, there was no difference in rates of 30-day wound complications. However, the inpatient cohort did have higher rates of readmission compared to the outpatient. Not surprisingly, this difference was driven by those patients in the inpatient group with comorbidities, such as asthma or CNS abnormalities, that had higher rates of readmission compared to the healthy patients without such comorbidities. There was no difference in readmission rates between the healthy patients that were admitted and those that were not. Since the data on reason for readmission is lacking in NSQIP-P, it cannot be determined if the readmission is due to a surgical complication or another independent reason. Certain rows/columns may not sum to the total in cases in which one of the categorical variables had a cell size <10 to protect patient identity as per National Surgical Quality Improvement Program policy.
The limitations of this study are primarily those inherent to the use of a national discharge database. Data are only extracted from those institutions that are participating in the ACS-NSQIP database. As academic medical institutions are more likely to contribute to the database, NSQIP does not represent a national weighted distribution of cases in the pediatric population. The limited sample size and coding variability between hospitals makes it difficult to further analyze and draw conclusions about specific postoperative complications and reasons for readmission. The lack of details and specificity in diagnosis of some conditions such as structural CNS abnormalities (defined by NSQIP-P only as "noted in the medical record by visual or radiologic exam") increases this difficulty. So even though structural CNS abnormalities was found to be a significant indicator of admission, the lack of definition devalues it as a clinical indicator in practice. The NSQIP-P also does not differentiate between patients that were admitted due to a postoperative complication. The database is also limited by potential inconsistencies in data recording and coding between institutions. Furthermore, the NSQIP-P database only reports outcomes within 30 days of surgery, which may lead to underreporting of some complications. Despite these limitations, the data gathered from our analysis show that outpatient management of pediatric CI is safe and an appropriate standard of care for the broad pediatric population and that there are opportunities to improve resource utilization in pediatric patients post implantation.
Implications for Practice
This study provides information about the factors pediatric otologic surgeons consider when deciding to admit a pediatric patient after cochlear implantation. Most studies have focused on the efficacy and safety of pediatric cochlear implants, but not much data are available on the trends of admission. 1, 3, 12, 13 The analysis of the NSQIP-P database showed that history of asthma and structural CNS abnormalities are strong predictors of admission. Furthermore, of the 507 inpatient cases, about 40% (215) lack any obvious indication for admission. These admissions may represent on opportunity for reduction of cost and resource utilization.
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